MNK, IRR and FGFR genes in Haliotis diversicolor: molecular cloning, expression analysis and identification of SNPs associated with growth traits by 何佩茹
学校编码：10384 
学号：22320121151320
         
硕  士  学  位  论  文
         
杂色鲍MNK、IRR和FGFR基因的克隆、表达分析及
与生长相关的SNP位点筛查
         
MNK, IRR and FGFR genes in Haliotis
diversicolor: molecular cloning, expression
analysis and identification of SNPs
associated with growth traits
         
何佩茹
         
指导教师：柯才焕   
         
专业名称：海洋生物学     
         
答辩日期：2015年5月   
厦
门
大
学
博
硕
士
论
文
摘
要
库
厦门大学学位论文原创性声明
         
         
本人呈交的学位论文是本人在导师指导下,独立完成的研究成果。
本人在论文写作中参考其他个人或集体已经发表的研究成果，均在文中
以适当方式明确标明，并符合法律规范和《厦门大学研究生学术活动规
范(试行)》。
         
         
另外，该学位论文为(                  )课题(组)的研究成果
，获得(                    )课题(组)经费或实验室的资助，在(
          )实验室完成。(请在以上括号内填写课题或课题组负责人或
实验室名称，未有此项声明内容的，可以不作特别声明。)
         
         
         
声明人(签名)：
         
         
          年   月   日
厦
门
大
学
博
硕
士
论
文
摘
要
库
厦门大学学位论文著作权使用声明
         
         
本人同意厦门大学根据《中华人民共和国学位条例暂行实施办法
》等规定保留和使用此学位论文，并向主管部门或其指定机构送交学位
论文(包括纸质版和电子版)，允许学位论文进入厦门大学图书馆及其数
据库被查阅、借阅。本人同意厦门大学将学位论文加入全国博士、硕士
学位论文共建单位数据库进行检索，将学位论文的标题和摘要汇编出版
，采用影印、缩印或者其它方式合理复制学位论文。
         
         
本学位论文属于：
         
         
(     )1.经厦门大学保密委员会审查核定的保密学位论文，于
年 月 日解密，解密后适用上述授权。
         
         
(     )2.不保密，适用上述授权。
         
         
(请在以上相应括号内打“√”或填上相应内容。保密学位论文应
是已经厦门大学保密委员会审定过的学位论文，未经厦门大学保密委员
会审定的学位论文均为公开学位论文。此声明栏不填写的，默认为公开
学位论文，均适用上述授权。)
         
         
         
声明人(签名)：
         
         
          年   月   日
厦
门
大
学
博
硕
士
论
文
摘
要
库
摘  要
         
         
杂色鲍（Haliotis diversicolor）是我国南方重要的养殖鲍种，研究与杂色鲍生
长相关的基因，分析基因的表达规律，并筛查基因中与生长性状相关联的SNP位点
，对于深入了解生长性状调控的分子机制，培育具有优良性状的新品种具有重要意
义。本研究将MAPK互作激酶（MAP kinase-interacting kinase, MNK）、胰岛素相
关多肽受体（Insulin-related peptide receptor, IRR）和成纤维细胞生长因子
受体（Fibroblast growth factor receptor, FGFR）三个基因作为杂色鲍生长的
候选基因，通过对其克隆、功能验证、SNP位点检测及与生长性状的关联分析，筛
选出对杂色鲍生长性状有重要影响的功能分子标记，以期为杂色鲍的分子标记辅助
选择育种提供重要依据。主要结果如下：
1、利用PCR及末端快速扩增技术（RACE）技术，克隆获得MNK基因的cDNA全长序列
及开放阅读框（ORF）区域的基因组DNA序列。MNK基因cDNA全长3576bp，ORF长
1413bp，ORF区的基因组DNA序列长3942bp，包含6个外显子和5个内含子。荧光定量
PCR（qRT-PCR）结果显示，MNK基因在所测的幼体/胚胎不同发育阶段及成体不同组
织都有表达，在胚胎时期表达量显著高于破膜后幼体时期的表达量，在成体精巢组
织中表达量最高，在鳃中表达量最低。通过整体原位杂交实验发现，MNK基因在原
肠胚时期至围口壳幼体时期均有表达，担轮幼体时期和面盘幼体早期，MNK基因主
要在壳腺区域表达，面盘幼体中期主要在内脏团和贝壳处表达，面盘幼体后期，表
达部位分布在内脏团和外套膜区，到达围口壳幼体时期，开始在消化腺、外套膜和
足部大量表达。利用高通量测序手段在6个包含MNK外显子的片段中共筛选获得了
5个与杂色鲍生长性状相关的SNP位点。选择与足肌重量和壳的生长性状均显著相关
的位点A1748C，分析MNK基因在该位点三种基因型的足肌和外套膜中表达量的相互
关系，发现足肌重量及壳长、壳宽、壳高、壳重值最高的CC型个体中MNK基因在足
肌和外套膜中的表达量最高，而生长性状平均值最低的AA型个体，MNK基因在足肌
和外套膜中的表达量最低，说明A1748C中等位基因C可能促进足肌肉及壳的生长。
2、利用PCR技术及RACE技术，克隆获得IRR基因的cDNA全长序列及ORF区的部分基因
组DNA序列。IRR基因cDNA全长5723bp，ORF长3054bp，已获得的ORF区的部分基因组
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DNA包含18个外显子。通过qRT-PCR检测了IRR基因在杂色鲍胚胎/幼体不同发育时期
及成体不同组织的表达情况，发现杂色鲍IRR基因在幼体各发育阶段都有表达，在
胚胎发育时期表达量较高，原肠胚时期和早期担轮幼体时期达到最高，担轮幼体时
期表达量有所降低，从面盘幼体时期至围口壳幼体时期，表达量显著下降。IRR基
因在成体各组织中均有表达，在精巢中表达量最高，在卵巢中表达量最低。整体原
位杂交结果显示，IRR基因从原肠胚时期开始表达，担轮幼体期，IRR基因在后毛轮
区表达，面盘幼体早期，开始在壳腺处表达，面盘幼体中期，表达部位分布在内脏
团和贝壳处，至面盘幼体后期，信号增强，主要集中于内脏团区，到达围口壳幼体
时期，IRR基因在消化腺表达量减少，并开始在外套膜和足部表达。利用高通量测
序手段在18个包含IRR外显子的片段中共筛选获得了17个与杂色鲍生长性状相关的
SNP位点。其中8个位点与所测的杂色鲍性状均明显相关，其余位点与一个或几个生
长性状相关联。选择与足肌重量和壳的生长性状均显著相关的A2198T位点，分析
IRR基因在该位点三种基因型的足肌和外套膜中表达量的相互关系，发现足肌重量
及壳长、壳宽、壳高、壳重值最高的AA型个体中，IRR基因在足肌和外套膜中表达
量最高，而生长性状平均值最低的TT型个体，IRR基因在足肌和外套膜中的表达量
最低。进一步验证了A2198T位点与杂色鲍生长性状的相关性。
3、利用普通PCR技术及RACE技术获得了FGFR基因的cDNA全长序列及ORF区的部分基
因组DNA序列。FGFR基因cDNA全长5059 bp，ORF长3729 bp，ORF区基因组DNA中的外
显子已全部获得，共包含23个外显子。通过qRT-PCR检测了FGFR在杂色鲍胚胎/幼体
不同发育时期及成体不同组织的表达情况，发现FGFR基因在所测的幼体/胚胎不同
发育阶段均有表达，在受精卵时期表达量较高，2细胞期开始降低，至围口壳幼体
时期表达量又显著升高。在杂色鲍成体各组织中，FGFR基因在鳃、外套膜、肝胰腺
、足肌、精巢组织中均有表达，其中，鳃和外套膜中表达量最高，而在卵巢和血淋
巴中几乎不表达。利用高通量测序手段在24个包含FGFR外显子的片段中共筛选获得
了21个与杂色鲍生长性状相关的SNP位点。选择与杂色鲍壳的生长性状显著相关的
位点T15641G，分析FGFR基因在该位点三种基因型外套膜中的表达水平，发现在壳
长、壳宽、壳重值最高的TT型个体中，FGFR基因的表达量最低，而在壳长、壳宽、
壳重值最低的GG型个体中，该基因的表达量反而最高，TG型个体壳的生长性状值及
厦
门
大
学
博
硕
士
论
文
摘
要
库
表达量均介于TT型个GG型个体之间。提示杂色鲍FGFR基因可能参与贝壳形成的负性
调控。
         
关键词：杂色鲍；生长；MNK；FGFR；IRR；SNP
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Abstract
         
         
The small abalone, Haliotis diversicolor is an important abalone species in
southern China. Studying on the growth-related genes, analyzing the expression
patterns of these genes and identification of growth traits-associated SNPs would
benefit our understanding in the molecular mechanisms underlying H. diversicolor
growth traits, and also provide useful information for breeding fast growth abalone
new variety. In this study, 3 growth-related candidate genes were cloned and
function of the 3 genes were studied by real-time qRT-PCR and the whole mount
in situ hybridization. The single nucleotide polymorphisms (SNPs) in the 3 genes
were screened through high-throughput sequencing and genotyped in a
Japanese group of H. diversicolor. The association of these SNPs with growth
traits and gene expression levels were analyzed. This study will provide important
information to our understanding of marker-assisted selection breeding in H.
diversicolor. The main results are as follows.
1. The DNA and full-length cDNA sequences of MAP kinase-interacting kinase
(MNK) were cloned. The full-length of MNK cDNA sequence is 3576 bp, and the
predicted open reading frame is 1413 bp long. The DNA sequence is 3942 bp
long and consists of 6 exons and 5 introns. Analysis of expression of MNK at
different developmental stages and in different adult tissues revealed that
transcripts of MNK were detected in all of the different developmental stages and
the adult tissues. Higher expression levels were detected in fertilized eggs, 2-cell
embryos, gastrulae and early trochophore in egg membrane. In the adult H.
diversicolor, the highest expression level of MNK was detected in the testis, and
the expression level of gill was the lowest. The MNK spatial expression profile of
mRNA was detected from gastrulae to peristomial larva stages by the whole
mount in situ hybridization. MNK mRNA was probably located in the shell gland in
the stages of trochophore and early veliger larvae, and in the visceral mass of mid
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veliger larvae. When developed to the late veliger larvae, MNK mRNA was
detected in the visceral mass and the mantle, and in the peristomial larva the
MNK located remarkably in the digestive gland, the gill and the foot. The result of
the high-throughput sequencing in 6 exons of MNK showed that 5 SNPs were
related to growth traits. The SNP A1748C showed significant association with
growth traits including shell width, shell weight, body weight and foot weight
(P<0.05). H. diversicolor with genotype CC and AC had significantly higher growth
traits values than those with genotype AA. An expression analysis detected
higher MNK transcripts in the mantle and foot of H. diversicolor with genotype CC
compared to those with genotype AA. Our results suggested the allele C of
A1748C would promote the growth of foot and shell.
2. The full-length cDNA and partial DNA sequences of insulin-related peptide
receptor (IRR) gene were obtained. The full-length of IRR cDNA sequence is
5723 bp, and the predicted open reading frame is 3054 bp long. The partial DNA
sequence contains 18 exons. Expression analysis revealed that IRR transcripts
were detected in each sampled developmental stages (fertilized eggs, 2-cell
embryos, gastrulae, early trochophore in egg membrane, trochophore, early
veliger larvae, mid veliger larvae late veliger larvae and peristomial larvae),
among which higher expression levels of IRR were detected in the stages before
trochophore larvae than those after the trochophore larvae. IRR mRNA was also
detected in all the tissues analyzed, including gill, mantle, hepatopancreas,
haemolymph, foot, testis and ovary, with the highest expression level in testis and
the lowest expression level in ovary. The IRR spatial expression profile of mRNA
was detected from gastrulae to peristomial larva stages by the whole mount in
situ hybridization. IRR mRNA was probably located in the shell gland in the early
veliger larvae stage. In the middle veliger larvae stage, mRNA of IRR was
distributed in the areas of visceral mass and shell. To the late veliger larvae
stage, the signal enhanced, and mainly focused on the visceral mass. When
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developed to peristomial larva, IRR mRNA was detected in the mantle and the
foot. The result of the high-throughput sequencing in 18 exons of IRR showed
that 17 SNPs were related to growth traits of H. diversicolor. Among these SNPs,
8 SNPs were significant association with all growth traits of H. diversicolor, and
the rest were associated with one or several growth traits. We choosed the SNP
A2198T which was significant association with the foot weight and shell traits, and
then analyzed the expression level of IRR in the foot and mantle of the three
genotypes. The result showed that the individuals with genotype AA and AT had
significantly higher growth traits values than those with genotype TT, and an
expression analysis detected higher IRR transcripts in the mantle and foot of H.
diversicolor with genotype AA and AT compared to those with genotype TT
(P<0.05).
3. The full-length cDNA and partial DNA sequences of fibroblast growth factor
receptor (FGFR) gene were obtained. The full-length of FGFR cDNA sequence is
5059 bp, and the predicted open reading frame is 3729 bp long. The partial DNA
sequence contains 23 exons. Expression of FGFR was detected in all
developmental stages and tissues examined. Higher expression level of FGFR
was in fertilized eggs, while after the stage of 2-cell embryos, the expression level
began to fall down. When developed to peristomial larva, the expression quantity
reached to the highest level. Among adult tissues, mantle and gill showed
significantly higher FGFR expression level than the other five tissues. The result
of the high-throughput sequencing in 23 exons of FGFR showed that 21 SNPs
were related to growth traits of H. diversicolor. We choosed the SNP T15641G
which was significant association with the growth traits of shell, and then analyzed
the expression level of FGFR in the mantle of the three genotypes by qRT-PCR.
The result showed that the individuals with genotype TT and TG had significantly
higher growth traits values than those with genotype GG, while the lower
expression level of FGFR mRNA in the mantle was detected in H. diversicolor
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with genotype TT and TG compared to those with genotype GG (P<0.05). Our
results suggested the negative regulatory function of FGFR in H. diversicolor shell
growth.
         
Keywords: Haliotis diversicolorgrowthMNKFGFRIRRSNP
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